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Abstract
Earthquake is a dynamic shear rupture on a fault surface. Detailed imaging by using
the real seismic waveforms is crucial to understand diverse rupture evolution during an
earthquake. Waveform backprojection (BP) has been used for unwrapping the hidden
irregularity of the rupture-front propagation during the large and great earthquakes
by tracking the spatiotemporal locations of the high-frequency radiation sources. Such
advances in our capability of rupture imaging have been made by the BP’s applicability
to the high-frequency waveforms since high-frequency radiation is induced by the sudden
change of the rupture-front propagation. However, the causality of the irregular rupture
propagation and the high-frequency radiation has been still unclear due to the limited
resolution of the BP image. Furthermore, the BP image has a possible bias, which
may be critical for evaluating the widely-accepted idea of the depth-dependent rupture
segmentation of the subduction zone.
This dissertation is devoted to exploring the causal relationship between the high-
frequency radiation and the irregular rupture propagation, by focusing on examining
the role of barrier in a fault system, which is thought as the main cause of rupture
irregularity. Rupture processes of the MW 7.9 2008 Wenchuan, China and the MW
iv
8.3 2015 Illapel, Chile, earthquakes are studied by using a hybrid backprojection (HBP)
method; a variant of the BP techniques that enhances the image resolution. The analyses
of these earthquakes highlight the significant role of the two end-members of the barriers;
geometric and inhomogeneous barriers, which are characteristics of the fault system
of the inland and subduction zone earthquakes, respectively. Intense high-frequency
radiations and the scattering of slip vectors are observed at the geometric barriers (fault-
segment boundaries), suggesting that the rupture propagation is decelerated, and the
resultant stress concentration may trigger and accelerate the subsequent rupture across
the barrier. We also show that the inhomogeneous barrier (heterogeneity of fault strength
without obvious geometrical discontinuity), also controls the irregular rupturing paths
in a manner of avoiding the barrier, resulting in up- and down-dip-zigzagging migration
of the rupture front.
The latter half of this dissertation is assigned to the review of the mathematical
expressions and the clarification of the meaning of the BP and HBP images, revealing
that the signal intensity of the BP and HBP images is proportional to the amplitude of
the Green’s function, which results in the signal intensity being depth dependent and not
directly comparable to the slip motion. Thus, the BP and HBP images are inherently
biased when they are used for discussing slip motion, and the widely-accepted idea of the
depth-dependent rupture property of the subduction zone megathrust earthquakes may
not be valid. In order to relate the BP and HBP images to slip motion on a fault surface,
the variant BP techniques, called kinematic BP and HBP methods, are proposed. The
original BP and HBP images remain useful for assessing the spatiotemporal strength of
the wave radiation, which is related to the amplitude of the Green’s function, whereas
the kinematic BP and HBP methods are suitable for imaging the slip motion that is
responsible for the high-frequency radiation produced during the rupture process.
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